Objective: This paper describes the development of a reliable scale of standards for use in evaluating the progress of the transition from milk to solid food in infants and preschool children. The maturation of chewing and swallowing behavior in infants and young children, which enables processing of solid food, varies, and a scale would assist not only in the instruction of mothers and nurses but also in preventing delay in the introduction of solid food. Design: A range of 159 reference foods were selected on the basis of intake during the period of transition from liquid to solid food. These foods were listed in our previous study, Validity and reliability were tested to create a scale. Methodology: Foods were selected on the basis of 50% of the subjects studied being able to eat them, and on the food groups classified by cluster analyses using the Varclus procedure of SAS. Validity, of the scale was tested by using Pearson's correlation coefficient between the scale score of selected food items and the total score of all 159 food items. The total score of 159 food items was calculated using the general linear models (GLM) procedure of SAS. Reliability was tested using Cronbach's coefficient a. Setting: Public health centers in Aomori, Tokyo, Saitama, Nagano, and Okinawa (Japan). Subject: Five hundred and eighty healthy mothers and children from 2 to 46 months were randomly selected and 470 (81.0%) completed the study. To avoid regional bias, subjects were drawn from northern to southern prefectures in Japan, namely Aomori, Tokyo, Saitama, Nagano, and Okinawa. Results: Twenty food items were selected. By analyzing the score correlation using Pearson's correlation coefficient (R ¼ 0.97, Po0.001) and GLM (R 2 ¼ 0.95, Po0.001), it was confirmed that these 20 food items adequately represented the original 159. The reliability was also found to be sufficient (Cronbach's coefficient a ¼ 0.96).
Introduction
The ways in which the maturation of chewing and swallowing behavior in an infant enables it to eat solid food are various. In Japan, a suggested program for the transitional process from liquid to solid food focused on 1 y after birth and was supported by the Japanese Ministry of Health and Welfare (Society for Maternal and Child Health, 1997) . However, many babies do not follow the instructed transitional process (Sakashita, 1992) , and many pre-school children are not good at chewing and swallowing due to insufficient development of the masticatory system in Japan (Inoue, 1983; MCH. 1986; Yokomizo, 1992; Inoue, 1993) .
The morphological and functional under-development of the masticatory system appears to be on the increase in Japan's young generation (Inoue, 1993) . For instance, 63.1% (N ¼ 495) of young Japanese have tooth crowding (Sakashita et al, 1997) , while more than 33.5% (N ¼ 391) of high-school students have juvenile temporo-mandibular joint problem (Inoue, 1993) . Chewing and swallowing problems of children at kindergarten age have been reported frequently (Yokomizo, 1992) . These difficulties have long been suspected to be related to the too soft and too nutritious foods prevalent in the present diet, and the manner of nursing has also been put in question (Ito et al, 1982; Inoue et al, 1995; Sakashita et al, 1996 , Liu et al, 1998 .
There are three main methods for evaluating the growth and development of the masticatory system: morphological measurement of the dentition ; functional analysis of muscle activity (Nakano, 1993; Sakashita et al, 1998) ; and estimation of masticatory ability (Yurkstas & Manly, 1950) . In the first, the size of the jaw and arch length deficiency cannot be measured before tooth eruption; in the second, although the functional record, such as electromyography (EMG) of the masseter muscle, may be available, it is not easy to apply for screening purposes because it requires expensive equipment and specially trained personnel. Therefore, it seems necessary to develop the third one, in which the chewing and swallowing ability will be estimated.
It would be useful to establish an appropriate scale of development of the masticatory system by following the progress of the transitional process. This could be applied for the instruction of mothers as well as for mass screening, to prevent unhealthy delay in food introduction. It would also be a useful tool in further causal relationship study.
In the first step of this study, we reported the results of a survey to list the various food items used during the period of transition from liquid to solid food (Sakashita et al, 2001) . We listed 159 food items for further evaluation. In this second step of the study, we have attempted to select reference foods from these 159 items.
The results of the previous study, in which children from 2 to 24 months of age were studied (Sakashita et al, 2001) , showed that some subjects older than 20 months could not eat several foods. The deciduous teeth erupt during the approximate age span of 6 months to 2 1/2 y, and the eruption is normally complete by 3 y (Nystrom et al, 2000) . The number of teeth erupted supposedly influenced the chewing ability and food intake (Sakashita, 1992) . To observe as wide a variation of processing of different foods as possible, children from 0 to 4 y were studied.
Subjects and methods
The subjects for this study were drawn from different regions in Japan to avoid regional bias. Subjects were selected randomly among those who were scheduled to come to the public health centers for regular health checks. Five hundred and eighty healthy pairs of mother and child were randomly selected. The children were aged between 2 and 46 months after birth.
A pilot study of the questionnaire was carried out using 15 pairs of mother and child. As a result of this study, an illustration of a ruler showing the actual size of the food was added to the questionnaire.
The mothers were asked to record the child's ability to eat each of 159 food items listed in the questionnaire. Subsequently, the responses were checked by the Public Health Nurse. The child's developmental stage for eating each food was categorized based on our previous report (Imamura, 1980) and previous findings (Sakashita et al, 2001) as: (1) not yet experienced; (2) offered, but unable to eat; (3) chewed, but not swallowed; and (4) able to eat. Instances of allergies to certain foods or the habitual use of a restricted food range were also recorded and removed from the data set as missing values. This was done in order to assess the progress in food types on the basis of chewing ability only and not on other possible causes, such an allergy. A food provoking a high allergic response would not, of course, be suitable as a standard food.
The 50 percentile age, when half of the infants and preschool children were able to eat a given food, was calculated from the plot of the percentage curve of those who could eat the food. In order to classify the 159 food items, cluster analysis for classifying variables was performed using the Varclus procedure of the SAS statistical analyzing package (SAS, 1988) , scoring 0 when the baby could not eat a given food (categories 1-3) and 1 when the baby could eat it (category 4). Validity of the selected items was tested by Pearson's correlation coefficient using the total score of all 159 food type items and that of the selected items and multiple regression analyses for nonparametric data using the GLM procedure of the SAS Statistical Analyzing Package (Hartmann and Sarle, 1988) . Reliability was tested using Cronbach's coefficient a (Guilford, 1954) .
Results
Subjects and the 50 percentile age Four hundred and seventy healthy pairs of mother and child (81.0%) completed the study (Table 1) . Sixty-three pairs were from Aomori, 185 from Tokyo, 109 from Saitama, 69 from Nagano, and 44 from Okinawa. The children were aged between 2 and 46 months.
The 50 percentile age, when half the number of subjects could eat a given item, was calculated. The 50 percentile age and cluster groups for each food are given in the Appendix.
Excluding liquids, the first food accepted by half of the children was diluted rice gruel. The 50 percentile age was 4.5 months after birth. From 5 months, many strained or mashed cereals and vegetables were being accepted by 50% of the infants. Strained protein foods such as liver paste, as well as finely cut vegetables and noodles, were accepted during the 7th month after birth. From 7 to 9 months after birth, most of the finely cut foods were being eaten by 50% of the infants. After 10 months, larger sizes (3-4 cm cubes) of boiled root vegetables started to be eaten by 50% of the infants. By 12 months after birth, eggs cooked in various ways and most cereals as large and hard as those eaten by adults were taken. By 18 months, 50% of infants and preschool children were able to take most foods, except for leafy vegetables like raw cabbage, larger sizes of lettuce, chingenzai, Japanese leek, rice cake, or unpeeled whole apple or tomato. Infants and pre-school children were offered these items frequently, but could not eat them. Even at the end of the studied age range, the percentage of pre-school children who could eat these foods did not reach 75%.
Classification of the food item
The 159 food items were classified into 13 food groups by variable cluster analysis. Cluster number was marked according to the proportion of total variance. Each cluster consists of several items as shown in Table 2 .
Validity and reliability of selected foods Twenty items of food (Table 3) were selected as standard foods, on the basis of the results for 50 percentile month and cluster groups, based on the following conditions: the foods must (1) be available in all seasons; (2) not be limited to specific regions; (3) be critical in defining eating ability; and (4) cover as wide a range of ages as possible. The R 2 between the total score of 159 food items and the model of the 20 food items selected was 0.949, which meant that selected items predicted 95% of the total score of 159 items by multiple regression analysis (Po0.001). The Pearson's correlation coefficient between the scores for the total of 159 items and that of 20 selected items was 0.97 (Po0.001).
Cronbach's coefficient a of selected items was 0.96.
Discussion
Increasing the kinds of foods taken There are many instructions and guide books that deal with the food and dietary style of the infant (Department of Health Science, Boston University; 1992; Society for Mater- 1997) , the amount of intake is stipulated in grams for each of the main food groups: such as grains or vegetables. Most of these instructions do not, however, always reflect the actual situation, as they are merely recommendations based on the experience and knowledge of specialists, not on surveys.
There are many surveys of baby food, but the majority of them were carried out from the nutritional aspect (Serenuis et al, 1988; Warrington & Storey, 1988; Ammine et al, 1989; Guldan et al, 1993; Marchioni et al, 2001) . There are some studies of texture of food for infants and pre-school children (Shirakawa et al, 1985; Gisel, 1991) , but asking mothers to put food into texture categories (Shirakawa et al, 1985) may prove rather too abstract a task. It may be difficult for mothers to decide whether today's boiled carrot was to be categorized among solids as soft enough to be pressed down by the baby's tongue or by the gum. For this reason, for the benefit of the mothers in this study, we attempted to search for more familiar and definite expressions of food type. The first food that infants and pre-school children could take, except liquid, was diluted rice gruel, followed, at around 5 months after birth, by strained and mashed food. Finely cut noodles and vegetables were accepted between 6 and 9 months by 50% of infants and pre-school children. By 1 y, half of the infants and pre-school children had started to take most of the materials when prepared in small size and boiled.
The 50 percentile age of food acceptance generally followed the basic Japanese recommendations within 1 y after birth, in which food according to texture is presented by month of age; gruel at 5-6 months after birth; solids soft enough to be pressed down by the tongue at 7-8 months; solids soft enough to be pressed down by the gum at 9-11 months (Society for Maternal and Child Health, 1997) . However, there was considerable variation of progress in leafy vegetables and meat. Meat and other animal protein was introduced rather later than recommended, possibly because of concern by the mother that the early introduction of protein might cause food allergy (Croner et al, 1982; Wood, 1986) . It should be noted that leafy vegetables are one of the materials introduced early and recommended as weaning food (American Department of Health, 1986), but because of its fiber it is difficult for many infants and preschool children to accept.
In rural areas such as Okinawa and Aomori prefectures, infants from 6 months after birth were often introduced to pieces of food such as cucumber, carrot or dried squid, just for chewing, even if they could not eat it. The rate for less than 12 months was 25.0% for dried squid in Aomori compared to 10.2% in other prefectures, and 63.2% for pieces of cucumber in Okinawa compared to 18.7% in other prefectures.
In traditional Japan, infants would be given elastic and hard foods such as dried squid or salt-reduced Takuan (dried radish pickles), and would be allowed to enjoy chewing them. Infants in western countries use so-called teething rusks. Similar customs can be observed in many countries. An American recommendation (American Department of Health, 1986) suggests that the infant chew table food at 9 months, and emphasizes that at 10 months infants should take the food with their own fingers from the table. In Japan, on the other hand, foods for infants are specially cooked and fed to the children by their mothers with a spoon. 'Finger food' mentioned above stimulates the development of hand and mouth coordination (Tamura et al, 2000) and it may stimulate the development of the masticatory system and promote the maturity of the chewing and swallowing behavior.
Validity and reliability of a scale
The high correlation between the score of the full 159 food items and the 20 items selected demonstrated statistically that the latter were representative of the former. The 20 food items selected features in the age span 4.5-32 months at the 50 percentile age, and could therefore be seen as representative of the progress of food intake. Cronbach's coefficient a of selected items was 0.96, which shows high reliability, and the 20 food items mere therefore regarded as reliable for inclusion in the scale.
Further study will be undertaken using these standard foods as reference.
No less than 98 publications on the subject of baby food and weaning food were listed on the Japana Centra Revuo Medicina between 1983-2002. Fourteen of these discuss bow Selection of reference foods R Sakashita et al to introduce food to young children, and seven of these cover the anxiety of mothers whose child does not process food well. Four of these, in turn, discuss the relationship between progress in food intake and development of the masticatory system (Imamura, 1983; Ezawa, 1994; Yokoi, 1998; Asikava, 1999) . A scanning of Medline for the period 1981-2002 produced 709 publications on human children featuring the key words 'weaning' and 'food', with 149 discussing the method or practice in using weaning food. Thirty-two also addressed parental problems or anxiety during the weaning period. Nowhere in these publications could an attempt to create a scale be found, to assist in evaluating the progress of the transitional process in infants and pre-school children, nor to estimate the development of their masticatory systems.
To introduce the proper food at the proper time is surely important not only for the masticatory system but also for good bodily health for life. Experience at the early stages of life will influence later choices in diet (Westenhoefer, 2001) . Our previous studies suggest that intake of fiber-rich food, like various kinds of vegetable, would promote masticatory development and reduce dental disease (Sakashita, 1992 (Sakashita, , 1996 Sakashita et al, 1997) . More fiber-rich foods like vegetables, fruit and legumes and less animal products could help decrease metabolic risk factors that can result in obesity and obesity-related disease (Rolland-Cachera et al, 1997; James et al, 1997; Pereira and Ludwig, 2001) . Used in further studies, the scale developed could enable the study of metabolic risk factors at the early stages of life.
Conclusion
On the basis of the 50 percentile age for each food item and the results of the variable cluster analyses, it has been shown that the scale for the progress of chewing ability can be represented by 20 food items. The selected 20 food items predict 96% of the 159 food intake process. 
